The first infrared spectra of protonated hydrogen clusters in the gas phase have been observed. Predissociation spectra were taken with a tandem mass spectrometer: mass selected hydrogen cluster ions were irradiated inside a RF ion trap by a tunable infrared laser, and the fragment ions created by photodissociation of the clusters were mass selected and detected. Spectra for each product channel were measured by counting fragment ions as a function of laser frequency. Low resolution spectra (~v= 10 cm-1 ) in the region from 3800 cm-1 to 4200 cm-1 were observed for the ions H;, H; and H; at 3910 cm-1 , 3980 cm-1 , and 4020 cm-1 respectively.
A band was also observed for H; at 3532 cm-1 • No rotational structure was resolved. The most recent results (6, 7) give dissociation energies of approximately 6 kcal/mol (2100 cm-1 ) and 3 kcal/mol (1000 cm-1 ) respectively, in agreement with the CI calculations of Yamaguchi, Gaw and Schaefer(5).
Yamaguchi et al have also calculated the vibrational frequencies for H~, H; and H;. The highest frequency modes are red-shifted from the free H 2 frequency {4161 cm-1 ) by 100 to 270 cm-1 , and correspond to stretching of the H 2 moieties. Next is a mode corresponding to the 3220 cm-1 symmetric stretch of H;. Upon excitation of these ~ modes, the clusters will vibrationally predissociate, and the absorption can (/ be detected by monitoring the products.
The experiment is discussed briefly here (8) . A molecular beam containing clusters of hydrogen molecules was formed by expanding hydrogen (stagnation conditions 130°K, 20 to 30 atm) through a 10 p nozzle. Electron impact ionization of the neutral clusters produced odd mass cluster ions (9) . The ion beam passed through a magnetic mass filter to select the parent cluster to be studied. The ions were then decelerated and stored in a radio frequency octupole ion trap for 0.5 ms, after which a tunable infrared laser was fired into the trap. After 1 ms, the ions were released from the other side of the trap into a quadrupole mass spectrometer to select and count only a specific product ion. The sequence was then repeated without the laser, and the signal was obtained by subtracting this The spectrum of Hs is shown in figure 1 . No rotational structure has been resolved, although the rotational spacing for the l!J=.:t:-1 transitions is estimated from the CI geometry to be 6 to 7 cm-1. The lack of structure may be due to i) the low resolution of the laser, ii) spectral congestion caused by the high internal temperature of the molecule, and/or iii) homogeneous broadening. Preliminary experiments using a narrow bandwidth laser (llv-0.5 cm-1 ) yield essentially the same spectra, ruling out (i). The predissociation lifetimes are unknown, but we do expect the spectra to be congested. Upon ionization of the neutral cluster, the reaction H~+H 2~H ;+H occurs rapidly within the cluster, accompanied by release of 40 kcal/mol into the internal modes. The excess energy is dissipated as the cluster fragments, but dissociation leaves the cluster ion in a wide distribution of excited rovibrational states. In the near future, we hope to eliminate the spectral congestion by using high pressure discharge sources to create internally cold cluster ions
Another feature of the spectrum is the long tail to the blue. This may arise from combination bands involving the low frequency stretching of the H; and H 2 moieties. The CI calculations(S) indicate that this motion involves intramolecular proton exchange, H;·H 2 -~H 2 .Hi with little or no barrier. Because the center of charge oscillates across the ~enter of mass, the transition moment will be very large(10). 
